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(54) VARIABLE OPTICAL ATTENUATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a small-sized variable optical 
attenuator of high reliability by arranging a first double refraction material 
and a second double refraction material with the separation direction of 
abnormal rays same or opposite to each other. 

SOLUTION: The double refraction materials 1, 2 consist of rutile, calcite, 
etc., and are disposed parallel to each other with the same separation 
direction of abnormal rays. A Faraday rotation element 3 using a yttrium 
iron garnet or the like is disposed between the double refraction materials 
1 , 2. A magnetic circuit 4 which can give an enough magnetic field on the 
Faraday rotation element 3 and can change the intensity of the magnetic 
field is disposed outside of the rotation element. When an external 
magnetic field is applied on the Faraday rotation element 3, two rays 
separated as normal rays and abnormal rays along the separation direction 
of abnormal rays in the double refractive material 1 cause rotation of the 
polarizing planes while the rays transmit through the Faraday rotation 
element 3. When these polarized rays are added in the double refraction 
material 2, not all rays are bundled into one beam again but separated 
beams which are not focused on the fiber in the exit side are produced. 
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Japan Patent Office is not responsible for any 
daznages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] 1 st birefringence matter. 2nd birefringence matter. The Faraday-rotation element arranged between the 
birefringence matter of the above 1st, and the birefringence matter of the above 2nd. A magnetic field impression 
means to impress a magnetic field to the aforementioned Faraday-rotation element. It is the good light variation 
attenuator equipped with the above, and it is opposite direction and the aforementioned magnetic field impression 
means is characterized by that the unusual light separation direction of the birefiingence matter of the above 1 st and the 
birefringence matter of the above 2nd is the same, or having the magnetic field control means which control the 
intensity of the aforementioned magnetic field. 

[Claim 2] The birefiingence matter of the above 1st and the birefiingence matter of the above 2nd are a good light 
variation attenuator according to claim 1 characterized by being an parallel monotonous rutile. 
[Claim 3] The good light variation attenuator according to claim 1 to which the aforementioned Faraday-rotation 
element is characterized by being a 3^um iron garnet. 

[Claim 4] The good light variation attenuator according to claim 1 to which the aforementioned Faraday-rotation 
element is characterized by being a bismuth substitution garnet. 

[Claim 5] The aforementioned Faraday-rotation element is a good light variation attenuator according to claim 1 
characterized by the plane-of-polarization angle of rotation before and behind the passage in a saturation magnetic field 
being 90 degrees. 

[Claim 6] The aforementioned magnetic impression means is a good light variation attenuator according to claim 1 
characterized by the plane-of-polarization angle of rotation before and behind passage of the aforementioned Faraday- 
rotation element being 90 degrees in the maximum magnetic field to generate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[The technical field to which invention belongs] this invention relates to the electric control type good hght variation 

attenuator in which feedback control is possible especially about a good light variation attenuator. 

[0001] 

[Description of the Prior Art] In recent years, the expectation for a multi-wavelength batch transmission method 
(henceforth "WDM transmission") is growing with utilization of optical fiber amplifier. In order to realize WDM 
transmission, reduction of the wavelength dependency of the gain of optical fiber amplifier is indispensable. 
[0002] As one method for reduction of the wavelength dependency of the gain of optical fiber amplifier, although there 
is optimization of an erbium dope fiber (henceforth "EDF") gain wavelength dependency, it is necessary to control the 
gain of EDF uniformly for realization. 

[0003] However, when the level variation of the input signal to optical fiber amplifier will appear as it is in an output 
stage when the gain of EDF is controlled uniformly, and multi-stage transmission is performed, the level variation in 
the receiving stage becomes large, and application to equipment is difficult. 

[0004] Then, the electric control mold adjustable optical attenuator which is used for output-level change 
compensation of optical fiber amplifier and in which feedback control is possible is needed. The example of 1 
application of the good light variation attenuator to optical fiber amplifier is shown in drawi ng 4 . Moreover, as shown 
in drawing 8 , composition given in a Japanese-Patent- Application-No. No. 247935 [ 62 to ] official report is known as 
a conventional good light variation attenuator. 

[0005] With the conventional composition shown here, the optical attenuation film with which the vacuum 
evaporationo of the metals, such as chromium, was carried out so that density might become high one by one at a glass 
plate is arranged in an optical path, and the optical magnitude of attenuation is adjusted by making it rotate or move 
with a stepping motor etc. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there are the following problems with the composition of the 
conventional optical attenuator mentioned above. That is, I hear that the 1 st trouble has a large-sized good light 
variation attenuator, and it has it. The reason is becaxise it is necessary to enlarge a membranous moving range and to 
use a stepping motor etc. for an element of operation, in order to enlarge the magnitude-of-attenuation adjustable 
range, when an optical attenuation film is used. 

[0007] The application to a commercial communication device with the need of reliabihty being bad, and the 2nd 
trouble having it by having mechanical moving part etc. for a long period of time, and continuing operating is difficult. 
[ trouble-fi-ee ] possibility that a wear out failure will occur [ the sliding section to which the birefiingence matter is 
moved ] ~ it is because it is high 

[0008] The purpose of this invention is to offer the good light variation attenuator of high reliance small. 
[0009] 

[Means for Solving the Problem] In order that the good light variation attenuator of this invention may remove the fault 
which the above-mentioned conventional optical attenuator has The Faraday-rotation element arranged between the 1st 
birefiingence matter, the 2nd birefiingence matter, these [ 1st ], and the 2nd birefiingence matter. It has a magnetic 
field impression means to impress a magnetic field to a Faraday-rotation element, and it is opposite direction and the 
magnetic field impression means is characterized by that the unusual light separation direction of the 1st birefiingence 
matter and the 2nd birefiingence matter is the same, or having the magnetic field control means which control the 
intensity of a magnetic field. 

[0010] As for the good hght variation attenuator of this invention, the parallel monotonous rutile is used for the 1st 
birefiiigence matter and the birefiingence matter of the above 2nd as a material which constitutes the concrete 
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btafrmgence matter. Moreover, the Faraday-rotation element is characterized by being a yttrium iron garnet or a 
r;:;o^^=»™ " ^^s:^: oTS Wrota.i„„ .ement being 90 degrees 
matter, a Faraday-rotation element, and the ^^"^^^^^f^f ^ "^^^^^a^ay^^^ element, and can carry 
rotation element, and is applied ]. 

bireffinience maner 1 ^d 2 shows to SS^enTsToh nsed the yttrium iron garnet or 

[0015] Among the bireftmgence matter ^ ^^'^^'^^^^^'^^^^ adjustabte [ of the intensity of 

s:ss;"i^™ss»tS^fi^r^^ 

foSr^NexttSni^ state of this invention « ^P^^J^^ 5; 

0017] Drawing 2 is drawing showing opemtion m 5J« of attenuation is the 

polarization rotates, and the rotation is proportional to an J^^" f direction of the birefringence 

5E rxstsr .•rs'sSK ^S'-sr-* . — - 
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saturation magnetic field, except that the magnitude of attenuation serves as the minimum, about the principle of 
operation, it is the same. 

[0026] In addition, although the configuration of the birefiringence matter 1 and 2 was parallel plate-like in the gestalt 

of this operation, you may use a wedge-shaped thing as shown in drawin g 7 . 

[0027] 

[Example] Next, the concrete example of this patent is explained. The birefiingence matter 1 and 2 is parallel 
monotonous rutiles with a diameter [ of 2nmi ], and a thickness of 1mm, and is 5 [deg] Leaned to an optical axis for 
acid resisting, and parallel and the unusual light separation direction are arranged so that two rutile boards may serve as 
opposite direction. 

[0028] That by which two GADORIUMU bismuth substitution gamet thick films with a diameter of 2mm which 
generate the Faraday-rotation angle of 45 [deg] in the saturation magnetic field of 200 oersteds were ******(ed) by the 
Faraday-rotation child 3 is used, and it is arranged in parallel with the above-mentioned birefiingence matter 1 and 2. 
[0029] The ******** solenoid with 1200 turn volumes is used for the bobbin with a diameter of 12nmi for the 
enameled wire with a diameter of 0.4mm at the magnetic circuit 4. The above-mentioned birefiingence matter 1 and 2 
and the Faraday-rotation child 3 are stationed inside the bobbin. The magnetic fields generated by this magnetic circuit 
are 300 oersteds at applied-voltage 5 V:00. 

[0030] the incidence side fiber 5 and the outgoing radiation side fiber 8 - a single mode fiber - it is - an outgoing 
radiation edge and an incidence edge -- an acid resisting sake - 5[- it is deg(ed),] leaned and ground As for the lens 
for combination, the aspheric lens of 30mm of distance between lenses is used. By such composition, the appearance 
size of optical parts is set to 60x20x20mm, and has become 10 about 1/by the volume ratio as compared with the 
conventional good light variation attenuator. 

[003 1] Moreover, in applied-voltage OV to a solenoid, as for an insertion loss, the minimum joint loss is set to 30dB in 
1 .2dB and applied-voltage 5 V, and, as for the optical property, magnitude-of-attenuation adjustable width of face of 
28dB or more is checked. Moreover, after carrying out 3000hr neglect into 80-degree-C hot environments, having 
high-reliability without property change is checked. 
[0032] 

[Effect of the Invention] The 1st effect is a small thing. The reason is that mechanism elements, such as a move 
mechanism and a motor, are unnecessary since the attenuation film is not used. The 2nd effect is high reliance. The 
reason uses the magneto-optical effect which a Faraday-rotation element has, and depends it on that there is no sliding 
section. 
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